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The  following  work  v;as  undertaken  in 
the  Ohenical  Laboratory  of  the  University  of  Illinois 
at  the  suggestion  of  Professor  B.  W.  Uashburn.  It 
was  begun  in  the  fall  of  1908  and  continued  until  the 
spring  of  1911. 

I vnsh  to  take  this  opportunity  to  thank 
Professor  Washburn  for  the  inspiration  and  help  he 
has  given  ne  during  the  course  of  this  investigation. 


A COMPARATIVE  STITDY  OF  THE  DISSOCIATION  RELATIONS  OF  CAESIUM 
NITRATE,  POTASSIUM  CHLORIDE,  AND  LITHIIPM  CHLORIDE  IN 
AQUEOUS  SOLUTION  AT  ZERO  DEGREES 


Introduotion: 

The  following  investigation  was  undertaken  for  the  purpose  of  ex- 
tending our  knowledge  of  aqueous  solutions  of  strong  electrolytes  in  mod- 
erately concentrated  solutions.  Caesium  nitrate  was  chosen  for  study  as 
it  is  of  the  simplest  possible  type  and  from  the  fact  that  it  is  probably 
hydrated  little,  if  at  all,  in  solution.  For  the  purpose  of  comparison 
lithium  chloride  was  chosen,  being  most  hydrated  of  salts  of  this  type,  and 
potassium  chloride  was  included,  as,  in  this  respect,  it  occupies  an  inter- 
mediate position  between  the  first  two  salts. 

The  experimental  work  consisted  of  freezing  point  determinations,  and 
conductance,  density  and  viscosity  measurements  at  o'^. 


\y 


’ I - 1 


TJ’T 


’.  ’.Tf 


1 


■ #.  < i,  • 


wy^mfTm 


. ^ ^ . .w  .^.'  i , 4 ,,  ImL 


. . % L 


J 


.1*  i 


p,  * 


Vi 


■ I 

A ;1| 


f ^ 


. " I 5 .flm/i 


, » 


I K ^ 

\ ] *h  ■'^'- 


i(« 


V, 


y 


in 


f 


> #> 

• • t ‘ i I 

i ' MT  *-  ? Am 


■ V' 


»W . jTi'' 


,4 


65-  y' 


* , ' / ^ *’  -I*  i 

'tf^:r*lfJ9  -koo'-:  -»  .'  •^7.u  r*4»  ^,»i^.:^K‘^  vrr  

I ; .**  . .'/‘‘  ,'f  ■ ^ 

j ^•,  It  ^t-^-i.(  j?  r-u'y^  : 

^ ®F  ‘i  ' ' '■'*  a :<0>  '''i''> 

a ? fT/.'/ici  *,  .\'V‘f • V.  -‘  v'  '»♦'■  ^r‘  . 

rtf.  'rrj  »-.^i  " ‘■•r^i  ‘t 

*.  . »J?7f  4.  .#  ’ ■ • » 'l  ^ ■ ’ ■<  «. 


. V-. 


i-  a'"*  ,llf‘  £'*/t  , - 


f:  iH7  OU'  / - I - ♦ i(0  * 


;«  4a. 


* ,*'  i 

Itfj  f rV.  . < »>  ! • '• 


Jk  -i ^ ■ 'u-.  if.  f I. i. 


fs^  »f  . cr,j;'  -;4' 'v 
^..'kj  ''tV 

■ *■,B^ 


JL  ri44  _, 


liiiSe,-  **V' 

, ••  / > *.  ’ * 


irl> 


-S 


f ^’4 


(la) 


/yg.  X 


(P) 


1-  Description  of  Apparatus  and  Methods 

(a)  The  Conductance  Measu^mentsi.  A Kohlrau^h  slide  wire 

bridge  was  used  in  the  conductance  raeasu^ents.  The  wire  had  a 

length  of  about  three  ineters,  the  smallest  scale  division  being 

3 mm.  It  was  calibrated  against  standard  resistance  boxes  by  a 

1 

method  described  by  Kohlrausdi  and  Holborn  . This  calibration 

was  repeated  from  time  to  time  whenever  it  became  necessary  to 

clean  the  wire.  The  resistance  box  used  was  calibrated  and  found 

to  be  correct  within  the  limits  of  error  of  i'hti-  work. 

The  alternating  current  was  furnished  by  a small  induction 

coil,  provided  with  an  adjustable  resistance  in  series  with  its 

3 

primary.  As  recommended  by  Kohlrauq^  , a small  adjustable  con- 
denser was  placed  in  parallel  with  the  resistance  box.  7/ith  this 
arrangement  it  was  possible  to  obtain  complete  silence  in  the  tel- 
ephone receiver  at  the  null  point,  for  all  dxcept  the  most  dilute 
solutions,  provided  the  conductance  capacity  of  the  cell  was  adapted 
to  the  solution  which  it  contained.  Under  these  oohditions  check 
readin^gs  could  readily  be  made  to  one  tenth  of  the  smallest  scale 

division  or  to  1 part  in  5000. 

The  cells  used  were  .of  the  pipette  type  shown  in  figure  1, 
and  were  made  of  Jena  gerate  glass.  The  internal  diameter  of  the 
cells  was  about  15  mm..,  and  the  electrodes  were  one  centimeter  in 
diameter.  Three  cells  were  employed  with  electrodes  75  mm..,  15 
m.m.  and  2 mm.  apart,  respectively.  The  first  cell  gave  perf«.<v.t 
minima  for  salt  solutions  ranging  in  concentration  between  U/l 
and  U/lC,  the  second  for  those  between  n/10  and  .OOo  N.  The 
third  was  used  for  the  most  dilute  solutions.  The  electrodes 
were  coated  with  platinum  black  in  the  usual  manner.  Thereon-  ^ 

1-Kohlraush  and  Holborn,  Leitvermogen  der  Electrolyte, 
pg,  47.  2-  Ibid.-  pg.  5S, 


(3) 


ductance  capacities  of  the  first-  two  cells  were  determined  by  meas- 

urment s with  normal  and  tenth  normal  solutions  of  potassium  chlor 

3 

ide  as  directed  by  Kohlraush  and  Holborn  and  the  values  used  for 
tlie  snscific  conductances  of  these  solutions  at  0^  were  0,05541  and 
0.007150  mhos,  respectively.  The  constants  found  by  neasurmsnts 
with  solutions  prepared  at  two  different  times  are  as  follows!** 

Jan.  X,1S11, 

ii/i  k/io 

3. 4 S3  3.424 

- - - 0.3222 

The  capacity  of  the  smallest  cell ^as  determined  in  terms  of  that 
of  the  second  cell  by  measurments  with  the  same  dilute  solution 
in  both.  The  conductance  of  the  water  was  determined  in  a cell 
of  the  usual  Arrhenius  type  with  unplatinized  electrodes  3 cm. 
in  diameter  and  about  2 ram,  apart.  The  measurm.ents  of  the  con** 
ductance  of  the  water  used  gave  results  agreeing  within  about 
2 percent,  which  was  as  accurate  ae  was  necessary.  All  con- 
I ductances  were  made  at  0 , a large  Dewar  tube  filled  with  a mix- 
ture of  water  and  finely  chopped  ice  being  used  as  a constant 
temperature  bath.  This  mixture  was  kept  in  constant  motion  by  an 
electrically  driven  up  and  down  stirrer. 


Date- 
Solution- 
Cell  1. 
Call  2. 


Oct.  19,  1910. 

n/i  n/io 

3.423  3.425 

- - - 0.6222 

(0.0/5iZ) 


3-  Leitvermttgen  der  Electrolyte,  pg.  76, 
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(b)  The  Speoifio  5ravity  Meaeurraents.  The  pycnometer 
used  was  of  the  0stwald-f5prangel  t3rpe,  with  a glass  cap  ground  on 

I the  end  of  one  capillary  tube  and  a small  bulb  blown  in  the  upper 
! part  of  the  other  to  allow  for  expansion  of  the  liquid  contained. 

i 

, This  was  necessary  as  the  pycnometer  was  filled  at  0®  and  weighed 

! at  room  temperature.  A second  pycnometer  was  used  as  a counter- 

poise when  weighing.  The  capacity  of  the  pycnometers  was  about 

25cc.  All  specific  gravities  are  at  0°  referred  to  water  at  4°  C, 

i 

(c)  The  Freezing  Point  Measurments.  The  freezing  point 
of  an  aqueous  solution  is  the  temperature  at  which  it  is  in  equil- 
ibrium with  ice.  To  obtain  this  temperature  accurately  it  is 

necessary  to  have  the  two  phases  in  intimate  contact.  The  Beckmann 
i method  is  unsuitable  for  accurate  work  as  one  can  never  be  certain 
that  equilibrium  has  been  reached  owing  to  the  small  amount  of  ice 
separating  out.  Corrections  must  also  be  applied  for  ’’convergence 

temperature”  and  concentration  changes  due  to  the  separation  of  ice. 

4 

It  was  therefore  decided  to  use  the  ”equil\ibrium”  method,  in  which 
the  temperature  of  a mixture  of  the  solution  with  sm  excess  of 
I finely  broken  ice  is  determined  , and  a portion  of  the  solution  is 

I 

then  drawn  off  and  analysed. 

The  freezing  point  vessel  was  a silvered  Dewar  tube  of  150  cc, 
capacity.  The  Dewar  tube  was  surrounded  by  a bath  composed  of  a 
mixture  of  fine  ice  and  water.  Through  openings  in  the  cover  of  the 
tube  were  inserted  a Beckmann  thermometer,  a stirrer,  and  a tube  T 
of  small  bore  which  was  used  for  withdrawing  solution.  In  order  to 
prevent  the  removal  of  ice  the  tube  was  drawn  out  to  a capillary  at 
its  lower  end.  An  electrically  operated  tapper  was  used  to  give  a 
4-  For  references  to  previous  work  with  this  method  see 
Ostv/ald-Luther,  "Physico-chemischen  Messungen”,  Ed,  B,  pg.  281. 
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uniform  agitation  to  the  mercury  thread  of  the  thermometer. 

Pure  ice  was  prepared  by  placing  test  tubes  containing  con- 
ductivity water  in  a freezing  mixture.  The  ice  collected  on  the  walls 
of  the  tubes,  and  the  central  portion  , containing  any  impurities 
present,  was  poured  off.  The  ice  was  then  broken  into  small 
liimps  in  a mortar  that  had  been  previously  chilled  by  filling  it 
with  fine  ice.  These  lumps  were  placed  in  the  Dewar  tube  until  it 
was  about  three  fourths  filled, and  the  solution, having  about  the 
concentration  desired,  was  cooled  to  its  freezing  point  and  poured 
over  the  ice.  The  Beckmann  thermometer,  stirrer,  and  the  tube  _T 
were  then  inserted  and  the  vessel  covered.  7/ith  slow  stirring  the 
thermometer  soon  gave  constant  readings.  As  the  tem^ierature  of  the 
surroundings  never  differed  by  more  than  1,5®  from  that  of  the  mix- 
ture in  the  Dewar  tube,  the  ice  melted  very  slowly,  and  a solution 
of  given  concentration  could  be  kept  in  equilibrium  with  ice  for  a 
considerable  time,  as  was  shown  by  the  fact  that  the  thermometer 
gave  constant  readings  for  as  long  as  three  quarters  of  an  hour. 

After  reading  the  thermometer,  the  pipette  conductivity 
cell  (Fig.  1. ) was  connected  to  the  tube  ^ by  means  of  a rubber 
tube  and  a small  portion  of  the  solution  withdrawn  and  rejected. 
Another  sample,  which  filled  the  conductivity  cell, was  immediately 
withdrawn.  To  prevent  the  warmed  solution  in  the  upper  part  of 
the  tube  JT  from  falling  back  when  the  pipette  cell)  was  detached  th^ 
rubber  connection  v/as  closed  by  means  of  a pinch  cock.  After  this 
the  thermometer  was  again  read,  but  in  no  case  was  the  reading  dif- 
ferent from  the  first.  The  solution  in  the  conductivity  cell  was 
next  placed  in  an  ice  bath  in  a large  Dewar  tube.  The  bath  was 
stirred  constantly  and  as  soon  as  the  contents  of  the  cell  had 
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assumed  the  temperature  of  the  hath  its  conductance  was  measured. 

The  concentration  of  the  solution  could  than  he  determined  hy  inter- 
polating fromi  the  conductance  measurments  on  solutions  of  known  con-^ 
cent rat  ion. 

Each  time  the  thermometer  was  used  its  zero  point  was  deter- 
mined with  pure  ice  and  water.  The  readings  of  the  thermometer  were 
always-  made  with  a rising  meniscus,  with  the  tapper  temporarily 
stopped,  and  at  a definite  room  temperature,  the  last  precaution 
making  stem  exposure  corrections  unnecessary. 

The  Beckmann  thermometer  v/as  carefully  calibrated  for  irreg- 
ularities of  bore  by  the  usual  method  of  a moving  m.ercury  thread.  The 
value  of  a degree  in  terms  of  the  standard  hydrogen  thermometer 
was  found  by  comparison  with  a Beckmann  thermometer  standardized  by 
the  IT.S,  Bureau  of  Standards,  For  two  weeks  before  the  beginning  of 
the  investigation,  and  when  not  in  use  until  its  completion^the  ther- 
mometer was  kept  in  an  ice  bath  in  order  to  protect  it  from  large 
changes  of  temperature. 
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(d)  The  Viaoosity  Moasurments.  The  relative  viscosities  of  the 
salt  solutions  were  measured  atO^  in  viscosimeters  of  the  Ostwald 
type.  As  the  entrance  of  warm  air  into  the  apparatus  during  a deter- 
mination was  found  to  affect  the  results,  the  upper  ends  of  the  viscos- 
imeter tubes  were  connected  by  a device  similar  to  that  used  by  Arch- 
il 

ibald,  McIntosh  and  Steele,  and  the  whole  apparatus  was  immersed  in  a 
constantly  stirred  mixture  of  fine  ice  and  water,  7/ith  this  arrange- 
ment the  liquid  flowing  from  the  upper  bulb  of  the  viscosimeter  was 
replaced  by  cold  air  from  the  opposite  tube.  The  capillary  tubes  of 
the  viscosimeters  were  12  cm.  long  and  about  0.02  bore.  The  upper 
and  lower  bulbs,  the  centers  of  which  x»rsre  at  a difference  of  level  of 
16  cm.,  had  capacities  of  7 and  40  cc.,  respectively.  In  order  to 
have  the  viscosimeters  in  the  same  position  during  all  the  measurm.ente, 
a special  holder  was  constructed. 

Before  each  set  of  measurments  the  viscosimeters  were  cleaned 
by  filling  them  with  concentrated  nitric  acid  containing  a few  drops 
of  alcohol,  and  alloiving  them  to  remain  over  night.  They  were  then 
rinsed  several  times  with  conductivity  water  and  with  the  solution 
whose  viscosity  was  to  be  measured,  and  allowed  to  drain.  A definite 
quantity  of  the  solution  ws.s  then  introduced  from  a pipette. 

Great  care  was  taken  to  have  the  solutions  and  the  water  free 
from  dust  particles  as  they  are  liable  to  affect  the  results  by  lodging 
in  the  capillary,  ?.Tien  necessary,  the  solutions  were  filtered  through 
specially  cleaned  hardened  filter  paper. 

The  potassium  chloride  solutions  were  made  up  from,  weighed 
quantities  of  the  fused  salt  and  water.  The  concentrations  of  the 

5-  Z.Physik.  Chem.55.  129.  (1907),  also  Ostwald-Luther,  "Phys- 
ico-chemische  Messungenl'  Ed. 3,  pg,  233. 
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lithium  ohloride  solutions  were  determined  by  measurments  of  their  con- 
ductances and  interpolating  from  the  conductance-concentration  table 
for  that  salt  given  elsewhere  in  this  paper.  In  making  up  the  sol- 
utions, and  for  the  determination  of  the  water  value  of  the  viscosim- 
eters, the  best  conductivity  v;ater  was  used. 

The  time  of  flow  v/as  measured  with  a stop  watch  which  could  be 
read  to  l/-5  second.  The  period  for  water  was  about  300  seconds  and 
check  determinations  agreed  within  S/5  second  or  to  0,1,3  percent.  Dup- 
licate m.easurments  of  the  time  of  flow  of  the  solutions  checked  within 
1/5  second  or  to  0.07  percent. 

The  relative  viscosity was  calculated  from  the  formula- 

/o 

where  D and  t^  are  the  density  ( and  time  of  flow, 

7"  t»^ 

respectively,  for  the  solution,  and  the  time  of  flow  of  the  water. 

The  densities  were  interpolated  from  tables  3 and  4-  of  this 

■paper. 
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2-  Prsparation  and  Analysis  of  Solutions. 

As  there  are  no  quick  and  accurate  analytical  methods  for  the 
determination  of  caesiiun  or  of  nitrate^  the  solutions  of  this  salt  whose 
freezing  points  had  been  found  were  analyzed  by  measuring  their  conduct- 
ances and  interpolating  from  a series  of  conductances  raeasurments  on  salt 
solutions  of  known  concentration  (Table  3 ).  This  same  procedure  was 
adopted  in  the  case  of  lithium  chloride  solutions  on  account  of  its  rapid- 
ity and  convenience. 

Caesium  nitra':e  solutions  of  definite  concentration  were  pre- 
pared by  weighing  the  fused  salt  into  glass  stoppered  Jena  flasks,  adding 
conductivity  water  and  again  weighing.  From  these  solutions  a series  of 
more  dilute  solutions  were  prepared  by  weight.  Solutions  made  directly 
from  the  salt  are  marked  by  an  asterisk  in  Table  3 . Solution  No,  6 was 
prepared  from  a different  sample  of  caesium  nitrate  as  a check.  The  caes- 

~for-  -fihts  So/ui'/oti 

ium  nitrate^was  prepared  from  Kahlbaums  best  caesium  chloride  by  four  evap- 
orations with  pure  concentrated  nitric  acid  and  the  repeated  crystalliz- 
ation of  the  product  from  conductivity  water  at  0®,  using  centrifugal 
drainage. 

The  more  dilute  solutions, . 03N  and  less,  were  found  to  be  readily 
contaminated  by  contact  with  the  air  and  by  long  standing  in  the  flasks. 

To  overcome  these  sources  of  error,  the  flasks,  previously  weighed,  were 
filled  with  fresh,  hot  conductivity  water  directly  from,  the  still,  and  al- 
lowed to  stand  over  night.  The  following  day  they  were  rinsed  thoroughly 
and  then  weighed  together  with  the  required  quantity  of  conductivity 
water.  A portion  of  a freshly  prepared  solution  of  known  concentration 
was  then  added  and  the  flask  and  contents  reweighed.  By  this  method  the 
flasks  were  not  dried  before  the  solution  v/as  made  up  and  the  impurities 
in  the  adhering  water  were  not  retained  in  the  flask.  The  quantities  of 
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water  and  solution  were  adjusted  so  that  but  a small  air  space  remained 
below  the  sbopper.  As  there  was  a possibility  that  adsorbtion  of  salt  by 
the  platinum  black  of  the  electrodes  mi^t  contaminate  dilute  solutions, 
even  when  the  cell  was  cleaned  between  each  two  determinations,  the  conduct 
ance  of  the  most  dilute  solution  was  measured  first  and  the  others  in 
order  of  their  strengths.  Frequent  measurments  were  made  of  the  conduct- 
ance of  the  water  used. 

The  series  of  lithium  chloride  solutions  of  known  concentration 

was  made  by  the  dilution,  as  described  above,  of  two  solutions,  Nos.  1 and 

6.,  These  were  analysed  as  follows;-  weighed  quantities  of  the  solution 

were  treated  with  an  excess  of  silver  nitrate  solution.  The  precipitates 

1 


were  collected  in 

, Gooch  crucibles 

and  washed  with 

1000  normal  silver 

nitrate  solution 

and  with  a small 

voliune  of  a very 

dilute  nitric  acid  sol- 

ution,  and  finally  dried  in  an  air  bath  at  150°, 
two  solutions  are  as  follows;- 

The  results  from  the 
Mols 

Solution. 

height  of  sample 

. 7t.  Ag  Cl. 

Conc.^per  lOOOgr  Solution 

1 

25.184 

2.1754 

O.6026 

»» 

25,115 

2.1714 

O.6032 

6 

99.608 

.4755 

0. 03331 

If 

99.555 

.4756 

0. 03333 
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3-Purifioation  of  Materials. 

Caesium  Nitrate:**  The  method  of  purifiaation  used  ^yas  that  des- 

6 ) 

crihed  hy  J.  Lawrence  '5nith.  Kahlhaum^s  purest  caesium  carbonate  was 
dissolved  in  the  smallest  amount  of  nitric  acid.  Solid  iodine  and  hydro- 
chloric acid  were  then  added  in  the  proportions  necessary  to  form  CsClal, 
and  the  mixture  was  heated.  The  caesium  chlor-iodide  separated  as  orange 
colored  crj’’stals  upon  cooling.  The  crystals  were  filtered  from  the  moth- 
er liquor  and  dried  as  far  as  possible  by  suction.  The  crystallization 
was  repeated  three  times  from  hot  hydrochloric  acid  (1  to  1),  drying  the 
crystals  between  each  two  operations.  The  final  product  7/as  heated  over 
a flaine  in  a casserole  to  remove  the  iodine  and  the  excess  chlorine  and  the 
resulting  caesium  chloride  ?/as  converted  into  nitrate  by  four  evaporations 
with  pure  nitric  acid.  (The  pure  nitric  acid  was  obtained  by  distilling 
ordinary  pure  acid  and  reserving  the  second  third  of  the  distillate.) 

The  caesium  nitrate  thus  obtained  was  crystallized  four  times  from  conduct- 
ivity water  and  the  final  product  was  dried  in  an  air  bath. 

Lithium  Chloride;-  Kahlbaum's  best  lithium  chloride  was  purified 

r ) 

by  a method  suggested  by  Kahlenburg  and  Krauskopf.  A saturated  solution 
of  the  dried  salt  in  carefully  dried  pyrideno  was  made  at  90®,  and  filtered 
hot  through  a hardened  filter  paper.  The  solution  was  allowed  to  cool  and 
the  salt  which  separated  was  freed  from  the  mother  liquor  by  filtration 
with  suction.  The  salt  was  then  placed  in  a distilling  flask  and  the  re- 
maining pyridene  driven  off.  The  product  thus  obtained  was  evaporated  to 
dryness  twice  with  pure  concentrated  hydrochloric  acid,  and  finally  heated 
for  several  hours  in  an  air  bath  at  150®. 

Potassium  Chloride:-  Kahlbaum’r  purest  potassium  chloride  was 
recrystallized  four  times  from  conductivity  water  and  dried  between  filter 

6- Am,  Jour.Sci,,ll,16,pg,S73. 

7- Jour,  Am.  Chem.  Soc.  1104,  (1908.) 
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paper. 


^ater:-*  All  the  water  used  in  this  investigation  was  conductivitj’- 

8 ) 

water  obtained  fron  the  special  still  in  this  laboratory.  It  was  collected 
hot  and  kepi  in  bottles  made  of  Thitall  and  Tatum’s  ’’Non-sol”  glass.  The 
conductance  of  the  water  at  0^  averaged  o,4  x 10  mhos. 


8-  The  form  of  the  still  is  described  by  Noyes  and  Coolidga, 
Proc.  Am.  Acad.,^,  190.  (1903),  and  Carnegie  Inst.  Pub.,  No. 63,  pg.  39, 
( 1907). 
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>^-The  Freezing  ^oint  Data. 

The  results  obtained  in  the  freezing  point  raeasurirtents  on  the 
oaesoum  nitrate  solutions  are  shown  in  the  following  table,  in  which  n’ 
represents  mols  of  CsNOs  per  lOCO  grams  of  v/ater. 

Table  Z . 

12  3 4 5 6 7 8 9 10  11 

n*  0.0185  0.0525  0.1296  0.1595  0.1855  0.2169  0.2729  0.2816  .3212  .4148  .4370 
0.067  0.174  0.418  0.507  0.582  0.666  0.824  0.852  0.949  1.203  1.254 


The  strongest  solution  studied  (n®=O.4S70)  was  in  equilibrium 
with  both  ioe  and  solid  CsNOs,  so  that  the  euteocrtio  or  cryohydrio  point 
for  this  salt  is  -1.254''. 


All  of  the  data  shown  in  the  above  table  were  treated  by  the 

method  of  least  squares  and  the  following  equation  was  obtained: - 

2 3 0 

= (3.426  n'  - 1.862  n’  + 1.373  n’  ) + 0,0016  ( ) 

0 

The  probable  error,  0.0016  , is  that  given  by  the  relation 

P.E*  — ^ D is  the  sum  of  the  squares  of  the  dev- 

iations  of  the  observed  values  from  those  oaloulated  by  means  of  equation^. 

. The  largest  deviation  was  0.005  and  the  others  were  all  less  than 
0 

0.003  . It  sesM  improbable,  therefore,  that  the  freeziiig  point  lower- 
inge  oaloulated  from  equation  1.  will  be  in  error  by  more  than  0.00S°as 
a result  of  ohanoe  fluctuations  of  the  individual  observations. 

In  table  2 are  shown  the  results  of  freezing  point  measurments 
on  lithium  chloride  solutions.  As  in  the  previous  table,  the  oonoentra- 
tions,  n',  are  expresed  in  mols  of  the  salt  per  1000  grams  of  rater.  The 
measurments  on  solutions  No's  10  and  11  only  rare  made  in  the  present 
investigation.  The  other  values  given  in  this  table  are  those  obtained  by 

s)  ’ 

^ jr.ethod  similar  to  that  described  in  this  paper. 


f-l,  physik.  chem.,40,  185  (1902). 
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Table  Z . 


1 

2 

3 

4 

5 

6 

n’ 

0.02503 

0.03771 

0.05053 

0.07462 

0.09732 

(0.1508 

) 

2)  t 

0.0909 

0.1352 

0.1794 

0.2648 

0.3431 

(0.5232 

) 

7 

8 

9 

10 

11 

n' 

0.2038 

0.2544 

(0.2938) 

0.3378 

0.4549 

0.7093 

0.8879 

(1.0377) 

1.177 

1.602 

These 

resiabts 

are  expressed  by  the 

equation: 

8 

3 

0 

At  - i 3. 

594  n*  - 

0.7916n' 

+ 1.3910  n' 

' )+  0.001 

also  obtained  by  the  application  of  the  method  of  least  squares  to  the 
results.  The  values  in  parenthesis,  Ko’s  6 and  9 were  not  used  in 
deriving  equation  ^ as  they  lie  considerably  off  the  smooth  curve 
obtained  by  plotting  the  other  results. 
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^-The  Conduotanoe  and  Density  Data. 

Oaeaium  Nitrate  and  Lithium  Chloride.  The  c one ent rat ions,  n’,  of 
the  solutions,  expressed  in  mols  of  the  salt  per  1000  grams  of  water  are 
given  in  column  1 of  tables  ^ and  the  corresponding  densities  and  specific 
conductances  in  colui-ns  and  3.  The  densities  are  referred  to  water  at  4 . 
The  specific  conductance  of  the  water  used  in  preparing  the  solutions  has 
been  subtracted  from  each  specific  conductance  given  in  the  tables.  The 
cells  used  in  determining  the  conductances  are  shown  in  column  4.  (See 
page  2, ) 

6 -The  Viscosity  Data. 

Lithium  Chloride  and  Potassium  Chloride.  Table  s gives  the 
results  of  the  viscosity  measu:^ents  with  solutions  of  these  two  salts. 

In  column  1 are  given  the  concentrations  in  mols  per  1000  grams  of  water  and 
in  column  3 the  relative  viscosities  of  the  solutions,  calculated  as  des- 
cribed in  Sec.  J • The  density  values  for  lithium  chloride  were  inter- 
polated from  the  data  given  in  table  ^ . Those  for  potassium  chloride 
were  interpolated  from  the  very  accurate  results  of  Freund. 
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Table  4 


Conductivity  and  Density  Data 


Lithium  Chloride  Solutions  at  0.000®. 


n' 

Corrected 
3p<zc/f/c  Co/^- 
c/actd7nc  ex/o^ 

Ce/I 

1 

0.6187 

1.0151 

26230. 

1 

2 

.3659 

1.0093 

16650. 

1 

3 

.3561 

1.0088 

16260. 

1 

4 

.2144 

1.0054 

10270. 

1 

5 

.07702 

1.0021 

3988. 

2 

6 

.04120 

1.0009 

2210. 

2 

7 

.03337 

1.0007 

1801. 

2 

8 

.01646 

917.2 

2 

9 

.008322 

474.2 

3 

10 

.002027 

118.8 

3 

11 

.001039 

61.33 

3 

12 

.000578 

30.66 

3 

i 


Specific  Conductance  of  the  Water  = 0.49.10' 


(15b) 


Conductivity  and  Density  Data  Continued 


Table  3 

Caesium  nitrate  solutions  at  0.000“ 


! 

n' 

Cor/^>zc-/-<zc/ 
3p<zc///  'c  Con  - 

c/ac^ancc  X/0^ 

C<2// 

A/^ 

1 

0.5389  * 

1.07705 

30900. 

1 

2 

.4482 

1.0630 

26350 . 

1 

3 

.4427* 

1.0623 

26110. 

1 

4 

.3346 

1.0475 

20420. 

1 

5 

.3078 

1.0425 

18980. 

1 

6 

.2498* 

15740. 

1 

7 

.2383* 

15060. 

1 

8 

.1612 

1.0222 

10700. 

1 

9 

.1529 

1.0215 

10170. 

1 

10 

.1059* 

1.0145 

7262. 

2 

11 

.09314* 

1.0074 

6461. 

2 

12 

.05962 

1.0056 

4315. 

2 

13 

.04666 

1.00206 

3397. 

2 

14 

.01730 

1.0015 

1336. 

2 

15 

.008877 

702.2 

2 

16 

.003940 

318.0 

3 

17 

.001737 

141.3 

3 

18 

.0004414 

36.44 

3 

19 

.0002115 

17.61  j 

3 

Specific 

Conductance  of 

r 

tlie  Water  = 0.44.10~ 

(15c) 

l?able  5 imd  5a 


Viscosity  Data 

at  0.000“ 

No. 

Co/7C.  A//0/3 
pe/^  /OOO^. 

JD<^r?s/i-y 

l^/soos/V'y 

Potassium  Chloride 

1 

0.5160 

1.0249 

0.9569 

2 

.4063 

1.0197 

.9654 

3 

.3015 

1.0146 

.9752 

4 

.2118 

1.0104 

.9864 

5 

.1042 

1.0051 

1 

.9944 

Lithium  Chloride 

1 

0.6036 

1.0151 

1.0813 

2 

.3508 

1.0088 

1.0481 

5 

.3247 

1.0082 

1.0434 

4 

.2540 

1.0066 

1.0337 

5 

.1077 

1.0029 

1.0125 

(16) 


7-  Summary  of  Data  at  Round  Concent  rat i ons . 

The  first  sevon  columns  of  tables  6,  7,  and  8 contain  the  values 
of  the  freezing  point  lowerings,  densities,  relative  viscosities, 
specific  conductances  and  equivalent  conductances  at  round  concentra- 
tions for  the  three  salts  investigated.  In  the  first  column  of  each 
table  are.  given  the  concentrations  of  the  solutions  expressed  in  mols 
per  1000  grams  of  water. 

The  second  column  contains  the  corresponding  freezing  point  low- 
erings. These  for  caesium  nitrate  and  lithium  chloride  were  computed 
from  the  empirical  equations,  No's.  1 and  £,  derived  in  section  4,  The 
value  of  the  freezing  point  lowering  hf  the  concentration,  n*  = 0,025, 
was,  however,  obtained  by  a graphical  /A7/^/q.polation  from  the  observed 

values.  The  CsNOs  solution  with  a concentration, n 0,5,  to  which 

0 0 

a freezing  point  lowering  of  1.419  + 0.005  is  assigned,  is  a supersat- 
urated solution.  This  value  for^t  was  obtained  from  equation  (1),  but 
as  tliis  involves  an  extension  of  the  equation  beyond  the  limits  for 
which  it  was  derived  a graphical  extrapolation  was  made  as  a check.  For 
this  purpose  a plot  of  equation  (1)  was  made  on  cross  section  paper,  A 
flexible  red  of  celluloid  was  then  made  to  pass  th  rough  all  the  of  the 
points  plotted,  the  highest  point  being  that  for  the  concentration  0.4370 
ihe  portion  of  the  rod  projecting  be3''ond  this  was  than  grasped  by  one  man 
while  a second  man  sighted  along  the  rod  from  the  opposite  end  and  the 
first  man  shifted  the  poaiti£n  of  the  upp®r  end  until,  in  the  judgement 
of  the  second  nan,  it  made  a smooth  curve  with  the  remainder  of  the 
rod.  The  value  of  ^ t for  the  concentration  0.500C  was  then  read  off. 

This  process  was  repeated  five  times  with  three  different  men  and  the  fol- 
lowing* results  obtained:-  1.417,  1.420,  1.417,  1.418,  1,418,  mean:  1.4178,*’ 
wnich  checks  the  value  calculated  from  equation  (1)  within  0.002°.  Owing 
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SU1.IMARY  OF  DATA  AT 


Concentraf/o/7  freez/z^g 


Mo/s  of  -50/ f 

Point 

per  JO 00 g H^O 

Depress/on. 

71' 

/yt  ± .OOZ° 

0.00000 

0.000 

.03500 

.086 

.05000 

.168 

.07500 

.347 

.1000 

.385 

.1500 

.477 

.8000 

.633 

.3500 

.763 

.3000 

.897 

.3500 

1.030 

.4000 

1.160 

.4500 

1.390 

0 

.5000 

(1.419+0.005  ) 

Fr.  Pf.  Dep.  JJen3/ty 


of  O 

A/orn7o/^oJuf<s 

j±  o.o/g^ 

0.000 

0.9999 

.089 

1.0030 

.175 

1.0061 

.359 

1.0104 

.341 

1.0136 

.503 

1.0211 

.661 

1.0278 

.817 

1.0341 

.973 

1.0414 

1.133 

1.0496 

1.271 

1.0565 

1.418 

1 .0632 

1 .563 

1 .0710 

Caesium  Nitrate 


Pe/af/\/'e 

]//ocoz>/fy 

3pecific 

Conductance 

^ O./y^ 

1 .0000 

00000 

0.9960 

1876 

.9905 

3634 

.9846 

5300 

.9796 

6890 

.9700 

9991 

.9613 

12900 

.9529 

15750 

.9446 

18610 

.9368 

21230 

.9891 

23870 

.9813 

26440 

.9138 

28950 

ROUND  C ONCENTRATI ONS 


o 


Solutions  at 

0 

Eciu/va/ent 

Condufance 

''o 

El-  jt  OJhX 

r= 

w 0+r)n'. 

d: 

OJ3  ^ 

(84.0+0.1 ) 

1.0000 

1.0000 

1 .0000 

0.0000 

75.19 

0 .8948 

0.8912 

0.9092 

0.0859+0.0001 

72.94 

;8680 

.8597 

.8826 

.1792+0.0001 

70.96 

.8445 

.8315 

.8586 

.2504+0.0001 

69.38 

.8249 

.8080 

.8385 

'.3300+0.0002 

67.14 

.7990 

.7750 

.8101 

.4866+0.0003 

65.18 

.7757 

.7456 

.7847 

.6387+0.0004 

63.89 

.7603 

.7245 

.7663 

.7890+0.0004 

63.04 

.7502 

.7087 

.7525 

.9380+0.0005 

61.73 

.7346 

.6882 

.7344 

1.0814+0.0006 

60.88 

.7845 

.6731 

.7211 

1.2247+0.0007 

60.10 

.7152 

.6589 

.7085 

1.3657+0.00073 

59.31 

.7058 

.6449 

.6960 

1,5043+0.0008 

(Jhaj 

T/fBLE:  e. 


I-? 


0 V. 


f/Vi- 


■iTf  tiCi' 


ii!i'  J'-i 


^ ® ^’OC'  '' 


..  ^ .. 


W 


-aiioi/l 


-V  ‘T 


" 


■ \ 


fi;j90v..CKi^er.. 

■*rJ 


.Lr^"/^.G  ail^ 

I 


I ' 


“Sr, 


\ 

Ilf  . . ' 


n r 


■if\ 


.^i' 


■'  ‘‘i^. 

-.  ■ .vk-l 


j . t=: 


J'Od 


>■ 


iV.fr- 


'■!  »wv' '•  • O^V  i, ’^cv«X^ 


- ' '.j- 


^9^1 


i.  • f,  ' „ IV  ’f|>V  ’, 

isi  ■ ^ . ■ ■ ' -.' 

j S'-  «r 


•il  p'*‘'^"t 


■ ^V': 


.&■•  'i 


t‘4 


\i 


>H’- 


I .'/ 


?.  r.iS 


V-- 


ki ; 


. "J-*  '^m 

*■  -vE  J ,.  _ 'J  .. 


lit 


■,  - . 


' 


fv  * 


e 


fwf  -' tit'lSfi,i 


>- 


«!l,v*- 


, „ ! . '<rv.T 

,0^: 


•ft  — ^?»03r‘ 


J,,  • ’ ^-  s’  ■•■  .'  ^ ^ 


r'tSi55 

' . lU  ■ .^-..ftt 

*‘**^''^c^r..x 

^ *■  . Jw(^  ‘ 

- '%■■  -■ 

*/”’•  /*o-.;;.-.x 

-\,*^?jr'n 

W*- ‘ 

b'  tfAl 


s.'  ‘t 


•irf. 

V.  .V,A 


^J^Sja  .||jl^''*r‘M:;.  •.•  'l!r'ip'.X  ‘V|  [ktS-.-f'’' 

I rriy.''-; 


's  i* 


r®. 


'r 


P ■■  5T aS  , ^ -., J^" :; . t 

-V  r"  ?®  ^ 


'-  .'i  . 'H  ,■.. 


^oeco.x  . 1 ‘!^‘ji§o.£ 

A/,. 

mv.[  ^ ^ 

t^\'5co5f  ' 

*^'^AW’o;r  irl^.f 


• ^^^R . • ' ■ 


nut": 


' '.Vi  i..  :iXvi^■' 


' Ml. 


^‘3xlci.r 


,.^0^TO.vrr  );,  ■••*'■■  f V‘':f^5rva 

:i  ;ffl  , , k’’"  fc.  

W)  *■ 


f . y 


p.' 


A''*  1 


, ."  _ _ 

*T*  -‘  7!  ' . 


•I*.  ;:^® 
•ir*. 


.11  ^ 


4,  ‘4'' 

i I 


.:;  :A .. 

i,MP' 


S ,' . 


^ i 


' *, 


imMMu  i , 


GTMLIHY  CF  DATA  AT 


Ccy?c^ 

Mo/s  /^0//7f~  . 

/OOO^  /^  O 0<2./:>re55/o/y 


n' 

a/'  ^.oo/ 

0 

0.000 

0.025 

.089 

.050 

.178 

.075 

.286 

.10 

.353 

.15 

.526 

.20 

.698 

.25 

.871 

.30 

1.045 

.35 

1.221 

.40 

1.399 

.45 

1.584 

.50 

1.773 

F/~.  D<zp  of 
a /Vor/7707/ 
3o/u/~(S 

5. 

sb  .O/y^ 

0.0000 

0.9999 

.089 

1.0005 

.176 

1.0012 

.261 

1.0020 

.344 

1.0025 

.511 

1.0038 

.678 

1.0050 

.844 

1.0062 

1.006 

1.0074 

1.170 

1.0086 

1.329 

1.0098 

1.488 

1.0110 

1.647 

1.0122 

Lithiim 

Chloride 

TY<z/(:7Y/Vi2. 

3p(^o/'f/c. 

V/scos//f  Conc/ooid///oc 

y/O^^VZ 

1.000 

0000 

1.0028 

1363 

1.0056 

2646 

1.0084 

3900 

1.0116 

5038 

1.0183 

7325 

1.0256 

9612 

1.0330 

11770 

1.0404 

13890  ’ 

1.0475 

i 

16000  ' 

\ 

1.0544 

17940 

1.0612 

19840  ; 

1.0679 

21730  i 

HOUIID  CCIIGEITTIATIOIIS  ( G0]TTI1TUED) 


Solutions  at  0.000® 


Co/7c/ac'/i:^^c<^ 
/)  Jz  O./^ 

A ± 

^ o 

Al-  ^ 0./6Z 
A'Jo 

(^T-r 

d=-  o.//  % 

60 .31+0 .07 

1.000 

1.000 

1000 

0.000 

54.54 

0.9043 

0.9060 

0.9122 

0.0850jjD.0001 

5E  .96 

.0701 

.0030 

.8960 

.1706_+0.0001 

1 51.90 

.0606 

.0670 

.8752 

.2526_+0.0002 

50.47 

.8360 

.0465 

.0550 

.3332j_0.0002 

' 40.96 

.0110 

.0267 

.0362 

.4936j^0.0001 

48 . 23 

.7997 

.8202 

.0300 

.6540j»_0.0004 

47.53 

.7082 

.0142 

.8243 

.0148_+ 0.0005 

46.55 

.7710 

.0030 

.0137 

.9704j^0.0006 

46.00 

.7627 

.7989 

.8097 

1.1279j^0.0007 

45.16 

.7400 

.7895 

.8008 

1.2007_+0.0008 

44.44 

.7368 

.7818 

.7935 

1.4329_+ 0.0009 

43.85 

.7271 

.7765 

.7884 

1.5049+0.001 
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3Til!AT?Y  OF  DxlTA  AT 


Potassium  Chloride 


Co/7ce/7fn:7/'/o/j  f~r^(2.:zr//7^  /^r:  D<z,^. 

Mo/sjoer/OOO  F’o/nt  of  ^ 

^ra/77>5  //jsO.  Nor/77i^/ 

SD(^/73/ff 

y/3CO. 

%. 

o.co 

0.000 

0.000 

0.9999 

l.COO 

0.25 

0.087 

0.090 

1.0012 

0.9986 

.05 

.175 

.177 

1.0025 

.9974 

.075 

.261 

.263 

1.0037 

.9961 

.10 

.345 

.356 

1.0049 

.9946 

.15 

.513 

.518 

1.0074 

.9916 

.20 

.679 

.686 

1.0098 

.9875 

.25 

.844 

.852 

1.0122 

.9819 

.30 

1.008 

1.016 

1.0146 

.9753 

.35 

1.171 

1.179 

1.0170 

.9700 

.40 

1.334 

1.343 

1.0194 

.9658 

.45 

1.496 

1.503 

1.0218 

.9620 

.50 

1.657 

1.663 

1.0242 

.9582 

O.COO 


TOUIID  COITCKTCRACIOJIS:  CO!TTIlHnD 


Solutions  at  0.000“ 

yl  A,  ^ L'^o'/oJ  ^ SS.53-^'7'('+r) 


82j^  0.8 

1.00 

1.00 

1.00 

.0000 

75.8 

0.924 

0.923 

0.930 

.08C8_+0.0004 

73.9 

.901 

.898 

.908 

.1715_+ 0.0008 

72.5 

.884 

.881 

.892 

.2549_+0.0012 

71.50 

.872 

.867 

.880 

.3373j^0.0016 

70.20 

.856 

.849 

.863 

.501  j^O.002 

69.55 

.848 

.838 

.852 

.663  j^O.003 

69.08 

.842 

.827 

.843 

.823  4^0.004 

68.62 

.837 

.816 

.832 

.980  jfO.004 

68.30 

.833 

.808 

.825 

1.137  j^O.005 

67.90 

.828 

.800 

.817 

1.294  _+0.006 

67.64 

.825 

.794 

.812 

1.447  j*^0.007 

67.40 

.822 

.788 

.806 

1.600  +0.007 

(17) 


however  to  the  fact  that  this  is  an  extrapolated  value,  it  seei-os  "best  on 

the  whole  to  assign  a larger  probable  error  to  it,  which  is  placed  at 
0 

0,005  in  the  table. 

The  values  of  the  freezing  point  depression  for  potassium  chloride 

11 ) 

are  taken  from  the  critical  compilation  published  by  Noyes  and  Falk 

12  ) 

and  are  based  chiefly  upon  the  results  of  Jahn  » 

Column  4 contains  the  densities  obtained  by  interpolation.  The 

values  for  lithium  chloride  and  caesium  nitrate  are  based  upon  the  data 

given  in  tables  3 and  while  those  for  potassium  chloride  are  from 

13  ) 

the  data  of  Freund  , 

The  values  for  the  relative  viscosity  in  column  5 were  obtained 
by  graphical  interpolation.  Those  for  lithrom  chloride  and  potassium 
chloride  are  based  upon  the  data  given  in  tables  5 and  5a,  and  those 

14) 

for  caesium  nitrate  are  based  upon  the  very  accurate  work  of  T,  R,  Merton. 

The  specific  conductance  data  are  given  in  column  6.  These  val- 
ues were  obtained  by  linear  interpolation  from  the  experimental  data  re- 
corded in  ta'  .es  3 and  4, 

Column  7 contains  the  values  of  the  equivalent  conductances. 

The  values  for  caesium  nitrate  and  lithium  chloride  were  calculated  from 
the  corresponding  density  and  specific  conductance  values  by  the  equs.tioni 

Jl  - ^ ^ (3) 

/OOOn' ID 

where  ^ ^ specific  conductance  and  M the  molecular  v/eif^t  of  the  salt, 

7or  potassium  chloride,  the  values  up  to  end  including  n^  = 0.1  are  inter- 


11-  Jour,  Am,  Chem,  Soc.,  32  , 1011,  (ISIO), 

12-  l.c.  No.  9. 

IS-  l.c.  No,  10. 

14“  Trans,  Jour,  Chem.  Soc., 97,  2460  (1910). 


ft 


L 


:r 


(18) 

16  ) 

polated  from  Noyos  and  Ooolidgee  recalculation  of  the  results  of 
Tnethara  and  of  Kahlonhurg.  In  order  to  obtain  those  for  higher  concentra- 
tions Kahlenburgs  values  were  increased  by  0.05  per  cent,  and  tne  results 
so  obtained  ^ere  plotted  and  the  values  given  in  column  7 were  found  by 
graphical  interpolation. 

8-Equivalent  Conductance  at  Infinite  Dilution. 

The  extrapolation  to  infinite  dilution,  in  the  case  of  the  equi- 
valent conductances,  was  made  for  each  salt  by  the  method  of  A.  A.  Noyes, 
Values  of  the  equivalent  resistance  /a  were  plotted  against  values  of 
( cA)V  and  the  value  of  the  exponent  adjusted  until  the  points  fell 
as  nearly  as  possible  on  a straight  line,  and  this  line  was  extended  to 
zero  concentration.  For  caesiiim  nitrate,  values  of  these  functions  for 
the  concentrations-  0,0002115,  0,0004414,  0.001737  and  0,003940  were  em- 
ployed and  were  calculated  from  the  specific  conductivity  data  olutions 
No’s./^/ 4^/^  and /^of  table  3,  The  value  of  ri  which  fulfilled  the  above 
conditions  was  1,50.  The  positions  of  the  points  obtained  are  shown  in 
figure  Z . The  infinity  value  thus  obtained  (84.0)is  estimated  to  bo 
known  with  a precision  of  about  one  unit  in  the  first  decimal  place. 

Its  accuracy,  however  , is  much  less  certain  than  this  owing  to  the  the 
application  of  the  correction  for  the  conductance  of  the  water.  For  the 
most  dilute  solution  measuredC Sol.No,  of  table ) the  specific 
conductance  of  the  water  amounted  to  per  cent  of  that  of  the  solution. 

The  water  correction  was  applied  in  the  usual  manner  by  subtract- 
ing the  specific  conductance  of  the  water  from  that  of  the  solution. 

Since  this  method  of  making  the  correction  is  perfectly  arbitrary  tlie 
15-  Carnegie  Inst.  Pub,  No.  03,  pg,  47. 


(19) 


infinity  value  of  equivalent  conductance  mat  alv/ays  remain  uncertain  to  from 
.5  to  1 per  cent  as  lon^  as  they  are  obtained  by  extrapolation  from  solutions 
prepared  in  contact  v/ith  the  atmosphere. 

The  infinity  value  for  LiCl  was  obtained  in  the  sene  manner  as  that  for 
caesium  nitrate.  The  value  of  n in  the  exponent  of  the  function was 
found  to  be  . The  solutions  employed  in  this  extrapolation  were  ITos.  9, 

10,  11  and  12  of  Table  4.  The  points  for  these  solutions  are  shown  graphically 
in  figure  ^ . The  infinity  value{60.31)  is  estimated  to  be  known  with  a 
precision  of  about  seven  units  in  the  second  decimal  place. 

/s') 

To  potassium  chloride  Noyes  and  Coolidge  assign  the  value  of  81.4  for 
the  equivalent  conductance  at  infinite  dilution  at  0®.  J.  Johnston  by  an 
extrapolation  based  upon  the  same  experimental  data  (i.e.  those  of  Kahlenburg 
and  of  \Vhethan)  finds  the  values  81.9  and  81.5.  ^Je  have  repeated  this 
extrapolation  but^included  the  results  of  Nohlrat^h  for  C.OlO,  0.02  and  0.1 
normal  potassium  chloride  solutions  and  have  obtained  the  value  82.0.  This 
gives  more  nomal  values  for  the  degree  of  ionisation  of  this  salt  in  dilute 
solutions.  Ov;ing,  however,  to  the  inaccuracy  of  the  data  for  the  dilute 
solutions  and  the  long  extrapolation  which  must  be  made,  this  value  must  be 
regarded  as  uncertain  by  at  least  8 units  in  the  first  decimal  place. 


aI.o.  Note  ITo./^ 

/^■'Iirohlrausclj  und  Ilolborn  p^. 

/^''l”Leitvernogen  dor  gloktrol’.’i:'*  204 

•■A 


(20) 


<5- The  Oaloulation  of  Per -re e of  Ionization  . 

In  dilute  solutions  it  is  customary  to  calculate  the  degree  of  ionization 
from  the  equation  relation  is  "based  upon  the  assumption  that  the 

nature  of  the  medium  through  which  the  ions  are  moving  is  practically  the  same 
as  that  of  the  pure  solvent.  A glance  at  column  4 of  table  ^ shows,  however, 
tiiat  even  in  solutions  no  more  concentrated  than  0.1  normal  the  viscosity  of  the 
medium  luay  he  as  much  as  two  per  cent  different  from  that  of  the  pure  solvent. 

It  is  clear,  therefore,  that  any  attempt  to  calculate  the  degree  of  ionization 
for  more  concentrated  solutions  than  this  must  tahe  into  account  the  cnange  in 
the  character  of  the  medium  through  which  the  ions  are  moving.]? It  has  been 

IS) 

proposed  by  several  observers  that  the  degree  of  ionization  be  calculated  from 
the  equation  ^ ^ . This  relation,  values  for  v;hich  are  given  in  column  9 of 

Tables  6,  7 and  8 for  the  three  salts  investigated,  can  be  derived  from  Stoke  s 
Theorem  on  the  assumption  that  the  ion  is  a small  sphere,  and  that  it  is  much 
larger  than  the  particles  which  malce  up  the  medium  through  which  it  is  moving. 
Since,  however,  neither  of  these  assumptions  is  true  for  ions  in  aqueous 

/6) 

solutions  some  modification  of  the  form  should  be  made.  The  v/ork  of  Greene 
on  solutions  of  lithim  chloride  to  which  sucrose  v/as  added^has  demonstrated  the 
fact  tliat  the  mobility  of  the  lithium  and  chlorine  ions  is  not  proportioned  to 


the  first  power  of  the  fluidity  of  the  medium,  but  to  approximately  the  0.7 
power.  Therefore,  in  calculating  the  degree  of  ionization,  we  shall  make  use 
of  tlie  relation 


where  m is  a number  less  than  one,  but  greater  than  0.7  • In  order  to  find  ra 


/i'-e.g.  Bonsfield  and  Lowry.  Phil.  Trans.  (A)  204,  253  1905 

/6-J.  Chemical  Soc.  93,  2023  and  2049,  (1908) 
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(21  ) 

for  a salt  v/e  shall  naira  the  assuiaptior  that  changes  of  viscosity  produced 

by  the  presence  of  the  salt  itself  affect  the  nobilities  of  its  ions  according  to 
the  sane  lav;  as  do  changes  of  viscosity  produced  by  moderate  changes  in 

"til. 

temperature,  i.e.  in  both  cases  the  nobilities  are  proportional  to  the  m power 

and  that  n has  the  sane  value.  In  order  to  calculate  the  value  of  m for  a 

given  salt  we  need  only  to  Icnow  the  value  of  its  equivalent  conductance  at 

infinite  dilution  for  two  temperatures,  together  with  the  values  for  the  fluidity^ 

of  water  for  the  sane  two  temperatures.  This  gives  us  the  two  equations 
jH,  which 


and  Ao^  - 
//)  ® ' 


7K 


from  m can  be  obtained. 
A 


J.  Johnston  ^ has  shown  that  an  equation  of  this  form  expresses  accurately  the 

relation  betv;eon  Aq  and  J-  for  wide  temperature  ranges.  In  table  ^ are 

shown  the  values  of  the  equivalent  conductances  of  caesium  nitrate,  potassium 

chloride  and  lithium  chloride  at  0“  and  18"  respectively,  together  with  the 

viscosity  of  water.  Tiie  last  column  of  the  table  gives  the  values  of  m for 

these  three  salts  comnuted  from  these  data  as  described  above,  lie  values  for 

/S) 

the  fluidity  of  water  are  those  of  Thorpe  and  I^odger  as  corrected  by  dreene 
The  equivalent  conductances  at  18"  are  those  of  Kohlrausch  corrected  to  the 
basis  of  the  1910  atonic  weight  table. In  col’unn  10  of  tables  6,  7 and  8 
are  recorded  the  values  of  the  degree  of  ionization  as  calculated  from  the 

equation  (A2L^  ^using  the  values  of  n given  in  table  f . The  probable 

. ... 

error  in  arising  from  the  uncertainty  in  the  experimental  oata  is  given  at 

the  head  of  each  column.  It  is  evident  from  columns  7,  8 and  9 that  the  values 
of  ^ as  calculated  from  equation  4 do  not  differ  from  those  calculated  from 
the  conductivity  ratio  itself  by  more  than  two  x^er  cent  in  the  ca.se  of  the 
ca,esium  nitrate  and  potassium  chloride  solutions.  V.'ith  the  litnium  cnloride 
the  difference  is  larger,  as  is  necessarily  the  esse  whenever  the  solutions 


have  a relative  viscosity  greater  than  one. 
/^'J.  Ohem.  Soc.  3_1,  ICIO  ,{1909} 
/^-l.c.  ITote  IJo./^ 
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Tatle  9 


0® 

/l-o  f 

/\f>o 

18® 

/ 

/77. 

CslJOs 

84.,  0 

129.9 

0.826 

KCl 

82.0 

130.2 

0.880 

LiCl 

60.3 

98.93 

0.940 

HgO 

0.01792 

0.01058 

(P8) 

^-Oaeaiurn  Nitrate  and  The  Mas s Aotion  Law, 

In  1902  Biltz  published a set  of  freezing  point  data  for 
aqueous  soltions  of  caesiun  nitrate.  From  these  data  he  calculated,  in 
the  usual  manner,  a set  of  values  for  the  degrees  of  ionization  of  the 
salt  in  the  different  solutions  studied.  On  substituting  these  values 
in  the  Ostwald  Dilution  Law  he  found  that  the  values  of  K thus  obtained 
did  not  exibit  the  usual  regular  variation  with  the  concentration 
shown  by  other  electrolytes,  but  showed  irregular  variations  about  a 
mean  value  of  0.34,  throughout  the  concentration  range  0 to  0.43  normal. 

The  values  of  K which  he  thus  obtained  are  shown  in  column  VIII  of  the 

table  given  below.  (Table  /O  .) 

From  these  results  Herr  Biltz  drew  the  following  conclusions: 

•'Das  Caesiumnitrat  folgt  dem  Massenwirkungsgesetzo  exakt.  - - - Caesium- 
nitrat  ist  demnach  der  erste  starke  Eleotrolyt,  dessen  Dissociations- 
verhaltnisse  genau  bekannt  sind.  Dadurch  ist  zugleich  die  Annahme 
widerlegt  dass  die  Abweichungen  von  dem  Massenwirkungsgesetze  durch 
die  Anwesenheit  von  lonen  in  grosserer  Zahl  prinzipiell  bedingt  sind. 

Der  Grad  der  Dissociation  hat,  wie  man  auch  schon  aus  dem  zuerst 
gegebenen  Versuchsmaterial  ersehen  konnte,  keinen  erkennbaren  Einfluss  a 
auf  die  Grtts se  der  Abweichungen,  vorausgesetzt,  das  man  y aus  Gefreier- 
punktserniedrigungen  berechnet,” 

The  results  obtained  in  this  investigation  do  not  confirm 
the  data  given  by  Biltz  and  the  conclusions  to  which  they  lead  regard- 
ing the  behavior  of  this  electrolyte  with  reference  to  the  Law  of  I\tass 
Action  are  also  somewhat  different  from  those  arrived  at  by  this  invest- 
igator.  In  view  of  the  frequent  citations'^  to  the ''exceptional  "behavior  of  th/s 

/f~l,  physik,  Chem,,  40,  21C,  (1902) 

2<q-e.g.,  Abegg^s  "Handbuch  der  Anorganischen  Chemie.”  Band  II 
(2)8,450;  'Weinstein's  "Therraodynamik  und  Kinetik  der  K6rper"  Band  11(2) 

S.  716;  Morgan's"The  Elements  of  Ihysical  Chemistry"  pg,  319, 
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salt, which  one  sees  in  the  literature,  it  seems  advisable  to  present 
the  bearinc  of  the  present  results  upon  this  question  in  considerable 
detail  in  the  hope  that  it  may  serve  to  place  the  whole  question  in  a 
clearer  light. 

Column  I of  Table  /O  gives  the  compositions  of  the  solutions 
investigated  by  Biltz,  column  IV  contains  the  corresponding  freezing 
point  lowerings  found  by  him  and  column^shows  the  freezing  point 
lowerings  given  by  the  empirical  equation  (1)  pg»/5»  A comparison  of 
the  two  sets  of  data  shows  that  from  a concentration  of  molal  up 

all  of  Biltz's  values  differ  from  mine  by  from  0.01  to  0.02°  except  in 
the  case  of  solution  number  8,  for  which  the  values  are  identical,  > 

If  an  electrolyte  bo  regarded  as  a normal  solute  and  the  solution 
be  sufficiently  dilute  its  degree  of  ionization  is  given  by  the  equation! 


Y- 


- At 


-/ 


(^) 


where  is  the  molal  freezing  point  lowering.  The  theoretical  value 

7?  ~r~ 

for  kp  as  computed  from  the  relation  — —A.  is  1,86°  for  water, 

to 

This  value  is  moreover  confirmed  by  the  recent  careful  freezing  point 

J2l) 

measurments  of  Bedford  who  found  for  cane  sugar  solutions  the  value 
1,86°  and  for  potassium  chloride  solutions  the  x'alue  3,72°=  2 x 1,86°  at 
high  dilutions. 

At  the  time  of  Biltz*  investigation,  1.65°  was  the  generally  ac- 
cepted value  for  kp  and  he  employed  this  value  in  calculating  the  degree 
of  ionization  of  the  caesium  nitrate  in  the  solutions  investigated  by 
him.  His  results  for  100^  are  shown  in  column  VI  of  table  /O  , If  how- 
ever the  value  1,86°  is  employed  and  the  values  tor  given  in  column 
V are  used,  the  values  for  100 y shown  in  column  VII  are  obtained. 

The  deviation  which  would  be  caused  by  the  probable  error  in  the  corres- 

-V- 

ponding  value  of  AtA  is  also  indicated  after  each  value  in  this  column  . 

2/-Proc,  Roy.  Soc,  Lon.  (A)  3^,434(1910)  , 

22-Thesft  deviations  are  calculated  from  the  raJfltlon;  , f — 
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It  is  evident  that  helow  0.05  normal  the  values  are  too  uncertain 
to  he  relied  upon.  Those  above  0,3  normal  will  also  be  somewhat  in  error 
from  the  fact  that  equation  (>5  ) is  only  applicable  to  dilute  solutions. 
?;ith  an  accuracy  of  0.002°  in^the  values  of  y'  for  solutions  of  greater 
concentrations  than  0.3  normal  should  be  computed  from  an  equation  which 
does  not  involve  the  laws  of  dilute  solutions.  This  will  be  done  in 
section  /O  below. 

In  order  to  test  the  Mass  Action  Law  for  caesium  nitrate  solutions 
Pilt^  substituted  the  values  for  JA  from  column  VI  and  the  values  for  r 


from  column  II  in  the  Ostwald  Dilution  Law- 


( ^ ) 


and  obtained  the  values  for  100  A'  given  in  column  VIII.  These  values 


evidentl]?'  vary  irregularly,  and  rejecting  Nos,  3 and  8 Biltz  adopted  0,34 
as  the  mean  value  for  K 

If  the  values  for  y given  in  column  VII  and  the  values  for 

of  colurm  III  be  employed,  the  values  for  100 /T  shown  in  column  IX 

ZV-) 

are  obtained.  After  each  value  in  this  column  is  given  the  deviation 
which  would  be  produced  by  the  probable  error  in  the  corresponding  value 

of  ^7*", 

These  values  are  shown  graphically  in  curve  III  of  fig,  s3  . Val- 
ues of  n*  are  plotted  as  ordinates  and  the  values  of  lOC/Cs-s  abscissae. 

On  either  side  of  each  noint  is  drawn  a line  equivalent  in  length  to  the 
probable  error  in  the  location  of  the  point.  An  inspection  of  this 
curve  shows  that  K increases  fairly  rapidly  up  to  a concentration  of 
about  0,2  normal.  From  thence  up  to  0.5  normal  it  is  constant  within 
the  limits  of  experimental  error. 

Now  the  Ostwald  Dilution  Law  has  no  theoretical  basis  excent  for 

^3-Tliese  are  com.puted  from  my  den3i"t3'  data  a*t  O"?  They  are  substan- 
tially identical  with  those  of  Biltz. 

2^-Theso  deviations  are  com.puted  from  tne  equation; 




( 25) 

very  dilute  solutions  and  it  is  exactly  in  this  region  that  it  is  not 
obeyed  by  caesium  nitrate.  If  we  wish  to  study  this  equilibrium  in  con- 
centrations above  0.1  normal  it  will  be  better  to  employ  a more  general 
law  for  chemical  equilibriiara,  one  which  does  contain  the  assumption  that 
the  solution  is  dilute. 


/^—Caesium  Nitrate  and  the  Gen? r 8.1  Law  for  Chemics.l  Equilribrium. 
T’he  general  law  for  chemical  equilibriiom  in  an”ideal''  or  ''per- 


feet”  solution  is  expressed  by  the  equation: 

/V/^  /^B 


(fTi  . tn 


AC/VL' 


(/) 


This  differs  from  the  Ostwald  Dilution  Law  only  in  t'e  substitution  of 
mol  fractions  in  place  of  volume  c one ent rati ons . For  the  dissoci*i'.>j. on 
of  a binary  electrolyte  it  assumes  the  form- 

/V<y 

where  Ni  is  the  mol  fraction  of  each  ton  and  N^the  mol  fraction  of  the 
unionized  molecules. 

If  the  solvent  is  water  and  the  degree  of  ionization  of  the  salt 
is  and  its  concentration  is  n’  raols  per  lOCO  grams  of  water, we  have: 

Nn=  


and  equation  ( ^ ) becomes 


(Y.nr 


^ /7 

in  which  A is  the  association  factor  of  water,  i.e.,  18  A is  the  average 

molecular  weight  of  the  water  at  the  temperature  in  question. 

Calculation  of  . In  order  to  calculate  ^ from  the  freezing 

point  data,  use  will  be  m.ade  of  the  relation  connecting  the  freezing 

2S-7qt  a derivation  of  this  equation  and  a more  complete  diacuss- 
ion  of  the  "ideal”  solution  see  Washburn,  Z.  physik.  Chem,,  74, 558  (1910): 
J.  Am.  Chem.  Soc.,^,668  (1910);  J.  Chira.Phys.j3, 564  (1910). 

2^-For  the  general  statement  and  derivation  of  this  relation  see 
fashburn,  loc.  cit. 


(26) 

■Doint  loweriHi?  and  mol  fraotion  in  ths  case  ol'  an*'ideal"  solution.  If 

water  is  the  solvent  and  the  solution  is  only  moderately  concentrated  it 

27)  ^ ) 

has  been  shown  by  Tashburn^  that  the  followinij  equation  is  a suffic- 
iently exact  numerical  statement  of  this  relation 

A/' = 0.00  At(/ - 000^3^1^  (//) 

V/7 ' 

If  we  replace  N’,the  mol  fraction  of  the  solute,  by  - r , 


this  equation  takes  the  form 

At 


zp 


/<f 


O.OOSSAi>) 


(/S) 


If  the  electrolyte  is  not  hydrated,  the  Van't  Hoff  i or  the  "mol  number"  is 
equal  to(l  +^and  we  may  therefore  employ  this  equation  in  order  to  ob- 
tain the  degree  of  ionization  of  an  unhydrated  electrolyte.  How  caesium 
nitrate  is  probably  the  least  hydrated  of  all  electrolytes  and  we  shall 
therefore  proceed  upon  the  assumption  that  its  hydration  can  be  neglected' 
in  applying  equation  ( //  ).  This  procedure  also  necessarily  assumes  that 
Y does  not  change  appreciably  with  temperature  over  the  range  involved. 

( oee  page  ) 

The  values  for  the  percent  of  ionization,  100^  , computed  upon 
this  basis  are  shown  in  column  IV  of  table  //  , together  with  the  probable 
errors  arising  from  the  uncertainties  in  the^^  values.  These  values, as 

2/-fashbum,  Technology  Quarterly, 21,  373  (1908)  and  Jahrb,  Rad.u. 
Elektronik,  _5, 493. 

2?-This  equation  has  been  applied  (loc.cit.  Tech.  Quart.)  to  the 
freezing  point  data  for  nonelectrolytes  in  aqueous  solution  and  has  been 
shown  to  hold  for  non  hydrated  solutes  over  a considerably  greater  range 
of  concentrations  than  is  involved  in  the  present  investigation. 

^^'Noyes  and  Falk  ( J.  Am.  Chem.  Soc.,  1013  (1910)  have  recent- 
ly applied  this  equation  to  all  the  existing  freezing  point  data  for 
electrolytes  and  have  tabulated  values  for  the  "mol  number"  i,for  42 
electrolytes  for  different  concentrations  up  to  0.5  molal. 

each  molec'MaJ®#lig£?®^?°J,  combination  with 

of  the  salt  in  order  to  produce  an  error  of  one  per 
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oomputed  from  equation  ( / ),  are  shown  in  ooluinn  II.  Colunn  I gives 
the  number  of  formula  weights,  n’,  of  caesi'iOm  nitrate  3>9r  1000  grams  of 
water  and  column  III  shows  the  total  mol  per  cent.,  100  N^.of  solute  as 
computed  from  equation  (/-^). 

Te  will  now  substitute  these  values  in  the  general  equation  for 
chem.ical  equilibrium,  (equation  /^  ),  and  calculate  the  equilibrium  con- 
stant . Before  we  can  do  this  however  it  will  be  necessary  to  assign 
some  value  to  the  association  factor  A.  This  factor  is,  however,  not  a 
constant,  but  is  a function  of  n'  and  is  connected  with  it  in  such  a 
way  that  as  n'  increases  A decreases,  so  that  even  if  we  knew  the  value 
of  A accurate!]'’  for  pure  water  and  employed  this  value  in  our  equation, 
we  should  not  expect  to  find  a constant  value  for  , but  a slowly  in- 
creasing value  as  the  concentration  increases.  Authorities  agree  that 
•water  at  degrees  is  corycsed  chiefly  of  double  and  triple  molecules, 

so  that  A is  probably  not  less  than  2 or  greater  than  3,  Two  series  of 
values  for  100  have  therefore  been  computed,  one  upon  the  basis  that 
A=8,  column  V,  and  the  other  upon  the  basis  that  A = 3,  column  VI, 

These  values  are  shown  graphically  in  curves  1 and  2 respectively  in  fig, >3, 
values  of  n’  being  plotted  as  ordinates  and  values  of  lOOK  as  abscissae. 

An  inspection  of  these  curves  shows  that  between  0,2  and  0,5 

normal  100  K increases  slowly  ( from  10,2  to  11.1  for  A = 2 and  from 

15.2  to  16.4  for  A = 3)  as  was  to  be  expected.  The  direction  of  the 

dilutions 

curve  in  the  more  dilute  solutions  would  indicate  that  at  high^K^  would 
have  a very  different  value. 


31  The  probable  errors  given  for  these  values  of  K are  computed 
from,  the  relation:- 

^ 0.0/^^  A At  - o.  036  A n'l 

2n'~  0.34^t 


-.28- 


In  table  llA  are  shov/n  values  of  K computed  from  formula  10,  except  that 
instead  of  Rvalues  of  the  expression  for  tlie  dej^ree  of  dissociation 
have  been  substituted.  Golujnn  9 of  table  6 j^ives  values  for  this  fanction  at 
round  concentrations.  This  gives  a test  of  the  applicability  of  the  Hass  Lav/ 
to  the  dissociation  of  caesium  nitrate,  v/hen  the  degree  of  dissociation  is 
calculated  from  the  conductivity  ratio,  corrected  for  the  change  of  viscosity 
v;ith  the  concentration.  The  relation  of  the  values  of  K thus  coranuted,  to  the 
concentration  are  shown  graphically  in  curve  1 of  figure  o,  and  it  is  seen 
that  K is  not  even  approximately  constant  in  the  range  of  concentration  studied. 
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//-Pi sous 3 ion  of  Results 


^2) 


If  a solute  is  ’’noraal'*  ♦ tliat  is  to  say  its  ’’activity’  is -proportional 

) 

to  its  mol  fraction,  the  laws  of  the  -’ideal"  solution  are  obeyed.  Equation 

//  page  gives  the  relation  between  the  freezing  point  lowering  and  the 
mol  fraction  for  a "normal"  solute  in  aqueous  solution.  Phis  has  been  found  to 
express  the  results  of  experimental  determinations  for  solutions  of  several 
non-electrolytes  for  concentration  ranges  considerably  exceeding  those  of  the 
present  investigation.  Gur/e  2 of  figure  ^ is  a graphical  representation  of 
this  relation,  in  v/lmch  mol  per  cents  ( = 100  x mol  fraction)  are  plotted  as 
ordinates  and  freezing  point  lowerings  as  abscissae. 

In  oolnnn  eleven  (11)  of  tables  6,  7 and  8 are  .liven  values  of  the  Ml 

ner  cent  calculated  from  the  equation:— 

3ee  page  Z5)  for  the  three  salts  Investigated,  and  in  column  2 of  the  same 
tables  are  given  the  corresponding  values  of  ti^freezing  point  lowering,  rne 
value  of  ^in  this  equation  was  computed  f^oi^^conductance  and  viscosity  data 

as  described  in  the  preceding  section. 

In  order  to  compare  the  relations  of  the  freezing  point  lowerings  and 
mol  per  cents  with  those  of  an  "ideal"  solution,  the  values  were  plotted  in 
Fig.  4 . C'.irve  1 represents  the  relations  for  caesium  nitrate.  Curve  3 for 
lithium  chloride,  and  Curve  2,  '-^lich  is  seen  to  be  ^practically  identical  with 
the  plot  of  the  "ideal"  soluti^on^  ^represents  the  values  for  potassium  chloride. 
Column  3 of  tables  6,  7 and  8 contains  the  freezing  point  depression  that  an 
electrolyte  would  produce  if  both  its  ionized  and  unionized  portions  were  normal 

solutes . 


"^2-For  a discussion  of  t^i^is  term  see  C.  !T.  Levms.  Proc. 
3'3-\7ashbum.  1.  c.  llote  ilo. 
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If  a normal  solute  were  hydrated,  i.e.  corahined  with  a portion  of  the 
solute,  its  freezing  point-mol  fraction  curve  would  fall  helow  tZaat  of  the 
"ideal'*  solution,  as  is  seen  to  be  the  case  with  the  lithium  chloride  curve. 

In  the  case  of  the  caesium  nitrate,  however,  the  curve  is  seen  to  lie  above 
that  of  the  "ideal"  solution,  an  abnormality  for  which  no  explanation  is 
attempted,  except  that  it  probably  is  due  to  the  electrical  charges  on  the  ions. 

The  fact  that  the  potassium  chloride  curve  is  almost  identical  with  that 

of  the  "ideal'*  solution  can  only  be  ascribed  to  coincidence.  It  probably 

represents  a con^^ensation  of  the  devi at iopj produced  by  the  abnormality  just 

referred  to  and  that  produced  by  hydration.  It  is  not  possible  that  solutions 

of  potassium  cliloride  are  "ideal"  solutions,  as  in  that  case  both  its  ionized 

and  undissociated  portions  v/ould  have  to  be  '*normal”  solutes,  and  from  the 

themodynamic  basis  of  the  law  of  '*ideal"  solution,  its  dissociation  v;ould  have 

to  follov;  the  mass  law.  As  is  v;ell  lmo’.vn,  this  is  not  the  case.  Further, 

34\ 

\7ashbiirn  has  sliown  from  transference  measurements  that  the  potassium  ion  is 
hydrated. 

For  a solution  of  a non-electrolyte  deviations  of  its  mol  per  cent- freezing 
point  curve  below  that  of  the'*ideal'* solution  can  be  used  to  calculate,  roughly 
at  least,  the  extent  of  the  combination  of  the  solvent  with  the  solute,  in  other 
v;ords,  the  plot  of  the  '*ideal"  solution  represents  zero  hydration  for  a non- 
electrolyte.  'I’hat  it  does  not  represent  zero  hydration  for  electrolytes  is 
evident  from  the  case  of  potassium  chloride  just  referred  to,  and  from  the  fact 
that  we  v/ould  have  to  assume  negative  hydration  for  caesium  nitrate.  It  is  clear 
then,  that  if  v/e  are  to  form  a quantitative  estimate  of  the  hydration  of  these 
substances,  a line  representing  no  hydration  for  binary  strong  electrolytes  must 
be  found. 
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There  Is  evidence  that  caesium  nitrate  is  unhydrated  in  solution,  end 
that  curve  1,  fulfills  the  above  conditions.  In  the  all^ali  metal  series  the 
mobilities  of  the  ions  have  been  shown  to  follow  the  inverse  order  of  their 
atomic  v;eicbts,  and  caesium  has  the  highest  atomic  weight  of  this  series.  The 
caesium  ion  is,  tlierefore,  probably  the  smallest,  or  lea'^t  hydrated.  Transference 
measurements  in  the  presence  of  a non-electrolyte  lead  to  the  same  conclusions 
as  to  the  relative  hydration  of  the  ions  of  this  series.  For  similar  reasons 
the  nitrate  ion  is  believed  to  be  little,  if  at  all  hydrated.  The  wide 
divergence  in  a direction  opposed  to  that  produced  by  hydration,  of  the  caesium 
nitrate  mol  per  cent- freezing  point  curve  from  that  of  the  ‘’ideal'*  solution  is 
also  a strong  indication  that  the  solvent  is  but  slightly  combined  \7ith  the 
solute. 

If  we  assime  that  Curve  I represents  the  mol  per  cent- freezing  point 
relation  for  au  unliydrated  binary  strong  electrolyte,  deviations  from  this 
curve  can  be  used  to  detemine  the  hydration  of  these  substances.  This  will 
require  the  further  assumption  that  the  abnormality  which  causes  the  deviation 


of  the  caesium  nitrate  curve  from  that  of  the  ’’ideal”  solution  affects  the 
three  salts  studied  to  the  sane  extent.  This  is  quite  probably  the  case,  as  the 
salts  are  of  the  sane  type  and  ionized,  approximately^  to  the  same  extent. 

The  hydration  can  be  determined  quantitatively  by  the  equation 


S5.S3  n'Q-f-y^-n'X 


where  x is  the  number  of  molecules  of  water  combined  v/ith  a mol  of  solute  and 
II''  is  the  mol  fraction  of  the  solute  in  a caesium  nitrate  solution  which  v/ould 
have  the  same  freezing  point  lowering  as  that  produced  by  the  addition  of  n* 
mols  of  the  hydrated  salt.  Values  of  H’*  can  be  found  graphically  from  figure  4. 
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Solvinf^  for  xn  v;e  have  , \ 


Values  of  xn*  and  x 

are  given  in  table 

12  in 

column  2 and 

3 and 

the  corresponding 

concentrations  n*  in 

column 

1. 

Table  12. 

.5 

KGl 

5.2 

X 

1C. 3 

LiCl 

n'yX 

9.0 

X 

18. 

.45 

5.1 

11.3 

8.4 

18.6 

.4 

4.9 

12.3 

7.7 

19.0 

.35 

4.7 

13.4 

7.2 

20.6 

It  is  seen  that  the 

number 

of  mols  of 

v;ater 

combined  with 

a mol 

of  solute,  X, 

decreases  with  the  increasing;  concentration  of  water  as  would  he  e:qpected  from 
the  effect  of  mass  action. 

tc) 

Washhum  in  his  '‘Transference  lleasurements  in  the  ''Presence  of  a 
Nonelectrolyte”  measured  the  difference  of  the  amounts  of  water  combined  with 
the  different  ions.  Ascribing  whole  numbers  for  the  hydration  of  the  chlorine 
ion  he  obtained  a table  of  which  the  follov/ine:  is  an  abbreviation. 

01  ITa'"  li'' 

Z 0.65  3.3  5.2  9.3 

4 1.02  5.4  8.4  13.9 


6 1.4  7.4  11.6  18.5 

The  value  of  4 for  the  hydration  of  the  chlorine  ion  is  a probable  one 
as  it  avoids  giving;  a fraction  as  the  h^T-dration  of  the  hydrogen  ion.  Also, 

it  is  seen  that  v;ith  this  value  for  the  hydration  of  the  chlorine  ion  the 

corresponding  values  for  the  hydration  of  the  potassiuim  chloride  and  litnium 

chloride  are  9.4  and  17.9  which  are  of  the  sane  order  of  magnitude  as  the 
values  given  in  table  12. 
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